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PREFACE. 



There is perhaps no subject connected 
with Engineering Science which at the 
present time commands more attention 
or causes more perplexity than does the 
compound subject of this paper. In 
Marine Engine practice its difficulties 
are most keenly felt; and of itself that 
is a field of operation large enough, as it 
involves interests sufficiently extensive, 
to give great importance to the subject, 
and to demand the utmost exertions of 
engineers towards the solution of its 
problems, and the providing of remedies 
or preventive measures against the rav- 
ages of what is an active and powerful 
agent in the destruction of their works. 
But the range of action which this de- 
structive agent has is bounded only by 
that which puts a limit to the use of 



steam, and hence many other interests 
besides those of engineers are involved 
in the matter. 

The state of general information about 
this subject is very unsatisfactory, be- 
cause it amounts only to the fact that 
obscurity, or at least uncertainty, pre- 
vails. Yet many facts of the greatest 
interest and importance have been ob- 
served and noted, and, as is usual in 
such cases, there are some men who have 
considered these in the light of their own 
experience with the intelligence which is 
needed in order to turn all to good ac- 
count. As the subject is partly a chemi- 
cal and partly a mechanical one, it de- 
mands, in order that it may be success- 
fully grappled with, a combination of 
scientific and practical information 
which, in consequence of defective edu- 
cational methods, has not frequently 
been found among engineers. 

I propose to myself in this paper the 
simple task of bringing together these 
scattered facts and observations, adding 
to them in whatever measure I am able, 



in order to elucidate if possible the full 
truth of the matter. The course of in- 
vestigation and inquiry which have been 
called forth has been marked by the 
suggestion of various remedies. The 
earlier stages have produced the recom- 
mendation of a variety of empyrical 
remedies or nostrums — substances which 
have been proposed apparently for every 
conceivable reason except an intelligent 
perception of the nature of the action to 
be counteracted, and consequently of 
the qualities requisite in the remedy. A 
list of these applying to Incrustation is 
given in a paper by Mr. Jas Napier, 
published in the Proc, of the Phil. Soc. 
of Glasgow (vol. iv., 1866-58), who gives 
also some account of the more rational 
methods proposed in his day. For Cor- 
rosion a similar list has in recent times 
appeared — too large, however, to quote 
at length ; and some methods of work- 
ing have been proposed which have been 
more or less successful under special cir- 
cumstances, but all partial in their appli- 
cation. Of these comes the endeavor to 



form a scale of salt by the use of a pro- 
portion* of sea water, the use of zinc in 
the boilers, filtering the feed water, <fcc. 
There seems to be in some quarters 
the idea that Incrustation and Corrosion ^ 

of Boilers, inasmuch as in general they 
both result in the destruction of the 
boilers, are one and the same action. 
But although this is an error, and the 
two actions are very dissimilar, yet they 
are so often united in effecting the de- 
struction of boilers (and almost all crusts 
contain iron), and are so often present 
successively in the same boiler (^.e., a 
crust being formed and then decomposed 
or partially decomposed, with injury to 
the boiler), that an examination which 
did not include a notice of both could 
not lay claim to any degree of complete- 
ness, i 



ON BOILER INCRUSTATION 
AND CORROSION. 



INCRUSTATION. 



A PEW years ago the attention of all 
concerned was exclusively directed to 
Incrustation, its evils and prevention. 
The evils produced by it are numerous, 
for boilers when coated with crust quick- 
ly accumulate layers of this material, 
which is a bad conductor of heat, and 
thus are not only hard to steam, requir- 
ing a large excess of coal, but are more 
quickly worn out and sometimes suddenly 
oxydized or " burned " in consequence of 
the increased temperature rendered nec- 
essary in the furnaces. Dr. J. G. Rogers, 
of Madison, United States, in a paper 
published some years ago, estimated the 
conducting power of crusts as compared 
with that of iron as 1 is to 37.5. A scale 
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1-16 inch thick, he says, requires an ex- 
tra expenditure of fifteen per cent, more 
fuel, and this ratio increases as the scale 
is thicker. Thus, when it is J inch, sixty 
per cent, more fuel is needed; J inch, 
150 per cent., &c. The temperature of 
the heating surface of the boiler must 
be raised in proportion to the thick- 
ness of scale. Thus, while to produce 
steam of a pressure of 90 lbs., water 
must be heated to about 320° Fah., and 
this can be done in a clean boiler with 
i-inch plates by heating the boiler sur- 
face to about 326°; if ^-inch of scale 
intervenes between the shell and the 
water, it will be necessary to raise the 
temperature of the heating surface to 
about 700° — almost low red heat. Iron 
oxydizes the more rapidly the higher the 
temperature at which it is kept, and at 
ai^y heat above 600° it very soon becomes 
granular and brittle, and is liable to give 
way under pressure. This condition 
predisposes the boiler to explosion, and 
makes expensive repairs necessary, and 
the presence of scale also renders the 
raising and lowering of steam slower. 
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The proper circulation of the water is 
also interfered with by the presence of 
crust. Both economy and durability 
thus require the absence or prevention 
of crust. 

There are two distinct classes of boil- 
ers which are subject to incrustation, and 
these are : 

(1) Land boilers using natural fresh 
waters, and 

(2) marine boilers using sea water. 

(1) There is no doubt that the quality 
of natural fresh waters varies between 
wide limits, from rain water on the one 
hand, which contains no mineral impuri- 
ties, to that of highly-charged mineral 
and chalybeate springs on the other. 

An examination of the analyses of 
waters supplied to the principal manu- 
facturing towns in Britain (such as, for 
instance, are published in the Report of 
the Registrar-General), and comparison 
with that of rivers in other countries, 
demonstrate that no better general or 
average illustration of this class can be 
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met with than is afforded by the River 
Clyde water, which was in general use 
in Glasgow and neighborhood prior to 
the introduction of Loch Katrine water, 
and which is still used in some manufac- 
turing establishments. As analyzed by 
Dr. Wallace in 1848, that water con- 
tained the following impurities, which 
are here tabulated in grains to the gal- 
lon : 

Clyde Water as Supplied to Glasgow 
IN 1848. 

Carbonate of lime 2.52 

Carbonate of magnesia 72 

Sulphate of lime 26 

Sulphates of potash and soda 1 .94 

Chloride of magnesium 40 

Chloride of sodium 54 

Oxyde of iron trace. 

Phosphate of lime and alumina . . .81 

Silica 28 

Organic matter 89 

Total 7.86 

Dr. Wallace (to whose courtesy I am 
indebted for the above and other infor- 
mation on this subject, and for much 
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valuable assistance in connection with 
this paper) has informed me that the 
total amount of solid matter in solution 
in this water increased in quantity gra- 
dually, and that in 1864 it amounted to 
ten or eleven grains per gallon. 

The incrustation formed upon ordinary 
steam-boilers, working in mills at from 
16 to 20 lbs. per square inch pressure of 
steam (above the atmosphere) and using 
that water, analyzed by the same au- 
thority, is found to consist of : 

Per Cent. 

Carbonate of lime 66.00 

Magnesia 6.05 

Sulphate of lime 4.28 

Water, with traces of carbonic 

acid 8.72 

Oxyde of iron, alumina, and 

phosphate of lime 5.85 

Silica 8.10 

Organic matter 1.00 

100.00 

This crust, which is of a dark brown 
color, and is hard, forms rapidly on the 
interior of the boilers, and is difficult 
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to remove. But it has been found that by 
a moderate use of soda-ash this forma- 
tion is readily stopped or held in check. 

The quantity of soda ash used in a 
pair of boilers (one 30 horse-power, 6 
feet 6 inches diameter by 21 feet long; 
one 40 horse-power, 1 feet 6 inches diam- 
eter by 27 feet long) at the works of 
Messrs. P. Bogle & Co., at Barrowfield, 
which together require about 9,700 gal- 
lons of water per week, is six lbs. per 
week in both boilers. This is dissolved 
in water, and fed into the two boilers 
once a week. 

The action of this soda-ash or carbon- 
ate of soda, under these circumstances, 
is a very interesting one, though perhaps 
not well understood by those using the 
substance in this way. Sulphate of lime 
is decomposed by its means and precipi- 
tated as carbonate, while a soluble sul- 
phate of soda is formed. The neutral 
carbonate of lime is likewise produced 
by reaction from the bicarbonate in solu- 
tion, and, as thus formed, it will not ad- 
here to the boiler surfaces, but separates 
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as a loose powder or mud, which can be 
blown out of the boilers or otherwise re- 
moved as sludge. In those boilers under 
notice the quantity of this sludge is 
found to be three pails full from each 
boiler every three months. 

It has been found, however, that where 
the neutral carbonate of lime is produced 
slowly by the action of heat — which 
drives off part of the carbonic acid from 
the bicarbonate existing either in solu- 
tion in the water or as a solid already 
deposited upon the boiler surfaces — that 
in this ease the neutral carbonate possesses 
the property of being able to adhere 
firmly of itself to the boiler plates. It 
seems to be in this case partially crystal- 
line. Thus the special advantage aris- 
ing from the employment of soda ash is 
that it decomposes the bicarbonate rap- 
idly, probably because of the presence 
of some soda uncombined in the ash, and 
that the neutral carbonate is precipita- 
ted as a loose powder, which will not ad- 
here unless fused or agglomerated by 
means of some other substance. 



14 

Concerning this latter point, M. Bid- 
ard, of Rouen, has informed me that his 
numerous examinations of boiler incrust- 
ations have demonstrated the fact that 
the presence of organic matter is neces- 
sary for the formation of boiler crusts 
which consist essentially of carbonate of 
lime. Such crusts he has produced arti- 
ficially, in order to verify his theory. 
Fresenius, however, quoted by Dr. Wal- 
lace, without specially noticing the pres- 
ence of organic matter, has attributed 
a cementing property to sulphate of 
lime, which he always found present in 
boiler crusts. M. Bidard's explanation 
thus applies specifically to those crusts 
which contain carbonate of lime and no 
sulphate, for it is probable that where 
sulphate is present it possesses agglom- 
erating power of itself sufficient to ren- 
der the presence of organic matter un- 
important in these instances. This is 
demonstrated in examples, in some marine 
boilers for instance, where crusts are 
formed without organic matter being 
present in appreciable quantity, of which 
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the analyses by Dr. Wallace are speci- 
mens. 

But M. Bidard's remarks show that 
soda ash might be used with muddy 
water, such as canal water for instance, 
and yet a hard incrustation would form. 
In such a case there would be no pre- 
ventive but the use of a filter for all the 
water passing into the boiler in addition 
to the use of soda ash there. 

The use of too much soda ash is in- 
jurious in its effects, as the excess boils 
up and passes over in the steam to cylin- 
ders and pumps, where it clogs the pis- 
tons and otherwise interferes with proper 
working by making combinations with 
the oils and greasy matters employed in 
the machinery. The lavish use of oils 
and grease of course intensifies this ac- 
tion where it is present, and it has been 
found that the carbonate of lime itself 
has passed over from the boiler with the 
steam, and has entered into combination 
with the grease where enough was to be 
found. 

All that is needed, however, in work- 
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ing with soda ash is a little intelligent 
care, and as the matter is simple, a sys- 
tem of working is soon arrived at. As an 
example, I take the boilers already men- 
tioned of Messrs. Bogle & Co., at Bar- 
rowfield. Under ordinary circumstances 
the manager, Mr. Keith, proceeds, as I 
have said, blowing out the boilers once 
in three months. When, however, there 
is a fresh or "spate" in the river the 
quantity of inorganic solids in the water 
is proportionately less, and the quantity 
of soda ash introduced is in consequence 
diminished. Muddiness in the water 
seen in the gauge glasses is a sure test 
if too much is being used, and when 
this is noticed and acted upon no incon- 
venience from material passing over to 
the cylinders is found to result. 

An interesting fact may be mentioned 
in connection with this part of the sub- 
ject, and as illustrating how calcareous 
waters sometimes contain soluble mat- 
ters which themselves counteract their 
crust-forming ingredients. The boilers 
of Messrs. G. & A. Harvey's engineering 
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works in McNeill Street, use the water 
drawn from the Clyde at a point which 
is considerably below Barrowfield, the 
water being contaminated by the refuse 
from print works and other factories, 
discharged into it between the two 
points. 

A comparative estimation, by Dr. 
Wallace, of the qualities of the water 
from both localities is here tabulated: 
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Total solids per gallon 

Insoluble in water, carbonates of 
lime and magnesia, silica, &c. . 

Soluble^ salts 

Organic matter, &c. (loss by igni- 
tion) 

Alkalinity expressed in soda 



8.96 

2.94 
3.92 

2.10 
.014 



15.12 

3.78 
6.72 

4.62 
.056 



The marked difference in amount of 
total solids per gallon, and in the amount 
of soluble salts and degree of alkalinity, 
shows that a decided change has been 
effected in the water by the time it 
reaches McNeill Street. In using it in 



18 

the boilers there, it is only after a con- 
siderable time, and in corners of the 
boiler that a crust is formed. The in- 
gredients of the water seem in general to 
re-act naturally, and in regular working 
only a deposit of loose mud collects, 
which is blown out of the boilers each 
morning. 

The composition of the crust, as an- 
alyzed by Dr. Wallace, is given below, 
but a full analysis of the water would be 
required in order to show what re-actions 
take place in working : 

Carbonate of lime 64. 98 

Sulphate of lime 9.38 

Magnesia 6.93 

Combined water 3. 15 

Chloride of sodium 23 

Oxide of iron 1 .36 

Phosphate of lime and alumina. 3 . 72 

Silica 6.60 

Organic matter 1 .60 

Moisture at 212" P 2.10 

100.00 

The use of soda-ash as a preventive of 
the formation of incrustations in boilers 
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working with calcareous waters is so 
rational and simple that it has, from a 
comparatively early date, commended it- 
self to chemists, and has been, by them, 
repeatedly proposed to engineers. The 
material itself possesses for the majority 
of cases, where such is called for, all that 
it is requisite an anti-incrustator should 
possess, while, if used with average care 
and intelligence, it is not capable of act- 
ing destructively. Its application is 
simple, as it may be added in solution 
either periodically — as in the case of the 
boilers quoted, or, better, regularly and 
steadily in fixed proportion to the quan- 
tity of water fed into the boiler, after 
the manner proposed by Mr. James 
Napier in the paper already alluded to. 
There is also no reason why it should 
not be added in proper proportion to the 
water in the feed tank or cistern, instead 
of being put into the boiler. In thid 
way, as the re-action between soda ash 
and sulphate of lime does not require a 
high temperature or pressure, the pre- 
cipitated carbonate of lime could be ar- 
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rested, and comparatively pure water 
fed into the boilers, frequent blowing-off 
being also rendered unnecessary. 

With waters containing only a little 
sulphate, and chiefly carbonate of lime, 
it would be necessary, however, to intro- 
duce the soda salt into the boiler, as a 
temperature of 100^ Cent. (212° Fah.) is 
requisite for the decomposition of the bi- 
carbonate of lime. 

A short examination of the various 
remedies against incrustation which have 
been proposed, will not be uninteresting, 
although it results in the conviction that 
most of them are unsatisfactory. 

Oxalate of soda and tannate of soda 
were proposed by Dr. Rogers in America, 
in order to form, by decomposition of 
the lime salts, insoluble oxalates and tan- 
nates; but these would seem to increase 
the amount of solid matter precipitated, 
and, although proposed some years ago, 
to have been little used. 

Lime and zinc have been used with 
some degree of success, but their action 
is confined to combining with the car- 
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bonic acid of the bicarbonate of lime. 
On sulphate of lime they have no action. 

The object in view in the proposed use 
of starchy and gelatinous matters has 
been to prevent scale forming, by envel- 
oping the precipitated or crystallized 
solids with gelatinous covering, and so to 
delay their settling by diminishing their 
weight. But M. Bidard's observations 
on the effects of the presence of organic 
matters (especially in so-called " anti-in- 
crustators," or compounds for prevent- 
ing incrustation) at once sweeps the 
field of all remedies of an organic com- 
position, proving them to be injurious 
by doing the very thing which they are 
supposed to prevent. 

Still, however useful as a precaution 
where the admission of extraneous or- 
ganic matter can be prevented, this as a 
system of preventing incrustations mani- 
festly fails where the water contains or- 
ganic matter in solution. 

Sal-ammonia, proposed by Ritter- 
brandt, and hydrochloric acid, are both 
open to the objections that their pre- 
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ventive action is only partial, and that 
they have the power of seriously in- 
juring the boilers and connections. 

Crude pyroligneous acid has been sug- 
gested for action upon carbonates alone, 
while Petroleum has been extensively 
used in the United States with a measure 
of success, not only in preventing incrus- 
tations, but also in removing those al- 
ready formed. Its action has not as yet 
been investigated, as far as I am aware, 
but it is probable that its effects are 
due to decomposition of hydrocarbons. 
This seems to be borne out by a 
report by the Chief Engineer to the 
Steam Boiler and Inspection Co. of 
Hartford, U. S., who states that " petro- 
leum works better where sulphate of 
lime predominates than in waters im- 
pregnated with carbonate of lime. We 
would not," he says, " advise it in connec- 
tion with this latter." This simple fact 
renders it useless in the majority of 
boilers using fresh water in this country. 

Soap acts upon both carbonate and 
sulphate of lime, but the quantity ap- 
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pears to be increased by the formation 
of lime soap, and thus the boiler is made 
filthy ; a corrosive crust is sometimes 
formed, and priming and other evils also 
result from its use. 

Recently a substance called " Burfitt's 
Composition " has been patented for the 
prevention of boiler incrustation, but it 
has been found to consist essentially of 
organic matters, and moreover has rather 
increased than prevented incrustation 
where it has been used. 

Two other methods of prevention have 
also'been devised, and seem to be found- 
ed upon the fact which Professor Mills 
imforms me was first observed by J. Y. 
Buchanan, that barium chloride decom- 
poses sulphates and liberates the car- 
bonic acid in water. 

One of these, called " De-Haen's pro- 
cess," which consists in the use of barium 
chloride and milk of lime, is now exten- 
sively used in Austria and in Krupp's^ 
Works in Prussia. A recently published 
statement of the comparative cost of 
working on this system, and with water 
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containing gypsum, without an added 
re-agent, shows that to purify 33 cubic 
meters of water when containing five 
parts gypsum in 100,000, the cost is 6d., 
and when containing thirty parts gypsum 
the cost is 3s. Practical working with 
this process for twelve months with one 
or two boilers (it does not appear very 
clearly whether one or two), showed an 
increase of expenditure amounting to 
500 florins, against which was to be 
placed the saving in fuel resulting from 
absence of incrustation, and reduced re- 
pairs from the same cause, the value of 
these, however, not being stated. 

The analysis of deposits which have 
been found to accumulate in the steam 
pipes, &c., where these processes have 
been used, impress us with the idea that 
these methods are, however, open to 
some serious objections in practical 
working on account of the formation of 
salts of barium. 

There is, however, one system of work- 
ing which has yet to stand its trial, but 
which it is perhaps not extravagant to 
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consider as inseparably connected with 
the advancement of engineering science 
and appliances upon which alone it de- 
pends. That is the working of land 
boilers in connection with surface con- 
densers, and so supplying them with 
pure water. No incrustation is possible 
with this method, and its theoretical ad- 
vantages in point of economy seem to 
justify the belief that its present limited 
adoption will prove merely the precursor 
to its more general introduction. It be- 
comes of all the more importance in view 
of the extended use of sectional or water 
tube boilers, because with these, on ac- 
count of small water spaces, no mere 
preventive measures against the forma- 
tion of incrustation suffice. Solid mat- 
ters ought to be excluded from all such 
boilers. 

2. It is necessary, in connection with 
incrustation, to consider marine boilers 
working with sea-water, because although 
modem systems of marine engine 
practice with compound engines and sur- 
face 'condensers, wherever these have 
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been adopted, have banished incrusta- 
tions; yet these systems have not yet 
been universally adopted, and there is 
even a disposition with some to return 
to the regime under which incrustation 
held sway. The evil effects of incrusta- 
tion make themselves felt with multiplied 
force in marine boilers, because of the 
great rapidity with which the crusts 
form, in consequence of the large quan- 
tity of solids contained in the water. I 
am informed by Mr. Tookey, of the 
Royal School of Mines, that British 
Channel water contains 2467 grains, and 
North Sea water 2408 grains in the gal- 
lon ; and it has been shown by Mr. 
James R. Napier, F. R. S., that sulphate 
of lime begins to deposit before one half 
of the water is evaporated. 

In addition to this rapidity of forma- 
tion of crust, the space at command for 
storage of fuel is limited. Large quan- 
tities of chemical re-agents cannot for a 
similar reason be carried; and because of 
the confined space in which boilers and 
men working at them are placed on board 
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ship, the results of an accident to, or the 
destruction of, the boilers are serious; 
while great difficulty is also experienced 
in getting repairs effected in foreign 
ports generally. All these considerations 
render it of the greatest importance that 
marine boilers should be freed from in- 
crustation. Besides these, there are 
reasons connected with the formation of 
sea water scale, which render its pres- 
ence in boilers undesirable. 

Considered from a chemical point of 
view, the problem of preventing incrus- 
tation in these boilers, appears to be 
similar to that experienced with land 
boilers, inasmuch as the substances com- 
posing the crusts are similar in both 
cases, although differing in their propor- 
tions in the formations. No doubt, as 
we have seen, soda ash is the best 
chemical preventive where that substance 
has to be used in ordinary circumstances, 
but the comparatively enormous quantity 
of solid matters present in sea-water 
causes the use of soda ash to be attended 
with so many inconveniences, and so 
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much expense as to render it here practi- 
cally useless. In these circumstances it 
has to be combined with blowing off 
from the boiler in order to get rid of the 
solids, it being necessary, as Mr. J. R. 
Napier showed, to blow off th of the 
feed water, and neutralize the sulphate of 
lime in Aths with soda. The loss of 
heat from this blowing off is considera- 
ble, and it is combined with the cost of 
the large quantity of soda required for 
neutralizing. Yet this process is not 
worse than the ordinary mechanical one 
of discharging the saturated, or what is 
supposed to be the saturated, water 
from the boilers which has been most 
generally restored to. In this case the 
indications of the salinometer are de- 
pended upon, and fully -fisths of the feed 
water have to be discharged, little of its 
heat being utilized. With regard to 
this Mr. Jas. R. Napier has said of the 
example of a vessel whose boilers worked 
St a temperature of 270® that " a quan- 
tity of fuel equal to 15^ per cent, of that 
which produces evaporation is consu med 
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by the ordinary blowing-off method in 
order to prevent crust, and this amount 
increases with the temperature." 

The salinometer might prove, and per- 
haps has often proved, a fallacious test, 
for if it were applied after a large quan- 
tity of the solids had been precipitated 
from the water, it would deceive the en- 
gineer by showing a less density than 
had existed previously, and thus mislead 
him as to the state of the boilers and of 
the water. In result it has been always 
necessary to chip and hammer away 
scale from the interior of marine boilers 
worked with sea water to an extent not 
advantageous to them. 

Undoubtedly the most sensible and 
efficacious method of preventing incrus- 
tation in these boilers is to work with 
fresh water. This has been rendered 
pogsible in many instances by the intro- 
duction of the Surface Condenser into 
practical working, and no doubt the de- 
sire to avoid the evils of Incrustation 
has operated in bringing about the in- 
troduction of that system which is at 
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present the most general in marine en- 
gineering. On the other hand, however, 
the commencement of this era in engi- 
neering practice has been the introduc- 
tion of engineers to all the evils and dif- 
ficulties of Corrosion. 

Before dismissing the subject of In- 
crustation, I wish to direct attention to 
the following analyses and notices of the 
decompositions which take place in sea 
water in boilers during the formation of 
crusts, as these throw considerable light 
on the subject of Corrosion. The fol- 
lowing analysis of Black Sea water was 
given me by the late Prof. Penny. I 
quote it only as showing the various in- 
gredients contained in sea water, as I 
have no means of ascertaining its accu- 
racy now — 

Black Sea water, sp. gra 1.01365 

Chloride of Sodium 14.03 

Chloride of Potassium 19 

Chloride of Magnesium 1 .310 

Bromide of Magnesium 005 

Sulphate of Lime . 105 

Sulphate of Magnesia 1 .470 
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Carbonate of Lime 365 

Carbonate of Magnesia 209 

Total salts in parts per 1000. .17.674 

The following analyses were made by 
Dr. Wallace, Nos. 1, 2, 4 and 5, for a 
paper of his on Boiler Incrustation, pub- 
lished some years ago; the others kindly 
undertaken for me along with other in- 
vestigations inserted in this paper. 

No. 6 differs from the rest in being 
merely a deposit. I have arranged them 
in tabular form, in order to show as far 
as posssible their relation to one another 
as having been formed at different pres- 
sures of steam — 
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No. 1 is from the Cunard steamer Asia, proba- 
bly worked at about four or five lbs. per 

square inch pressure of steam. 
No. 2 is from the King Orry, worked at about 

five to ten lbs. pressure. 
No. 3 is from the Propontis, worked at about 

ten lbs. pressure. Old boilers. 
No. 4 is from the Cosmopolitan, worked at 

about ten to fifteen lbs. pressure. 
No. 5 is from a Source unknown, worked at 

about (?) fifteen to twenty lbs. pressure. 
No. 6 is from the Propontis, worked at about 

150 lbs. pressure. Deposit before sea water 

was fed into Boilers. 
No. 7 is from the Propontis, worked at about 

150 lbs. pressure. Crust after sea water was 

fed into Boilers. 

Dr. Wallace, in his paper quoted 
above, remarks : " These crusts differ 
from the insoluble matter obtained by 
simply evaporating sea water in open 
vessels, for that contains nearly four 
times as much carbonate of lime as car- 
bonate of magnesia, while the crusts 
contain a large quantity of magnesia, 
and little or no carbonate of lime. The 
decomposition of soluble magnesian salts 
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by carbonate of lime under the influence 
of a liquid boiling at a high temperature 
(say 270^) is exceedingly interesting. 
Sulphate of magnesia and carbonate of 
lime boiled with water under ordinary 
circumstances, do not re-act upon each 
other the in slightest degree; but it is 
evident that the result is brought about 
under pressure. The re-action with 
oxide of manganese, which is isomor- 
phous with magnesia, is exactly similar, 
and is taken advantage of in the recovery 
of the manganese used in the preparation 
of chlorine, as practiced at the St. Rollox 
Chemical Works. 

"Again, the condition in which the 
magnesia occurs is peculiar. We should 
expect a basic carbonate, but I find little 
more than a trace of carbonic acid in 
any of the crusts. (In No. 1 it was .28.) 
The magnesia exists essentially as the 
hydrate. The sulphate of lime appears 
to occur as the hydrate described by the 
late Professor Johnson, as having been 
found by him in a distinctly crystallized 
condition in a high-pressure steam 
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boiler, its composition being represented 
by the formula 2(CaOS03) + HO."* 

Recently these results have been veri- 
fied by the independent investigations 
of Dr. Ferd. Fischer who has proved 
from a number of analyses that various 
decompositions of the salts contained in 
waters take place under the influence of 
elevated temperature and pressure. 
Fischer quotes various authorities to 
show that gypsum gives off nearly half 
its water of crystallization at tempera- 
tures up to 100° (C), and further pro- 
portions at higher temperatures, so that 



* Under the head Di-hydrated Sniphate of Lime, 
Gemelin eays : This compound was deposited from the 
water in a boiler which was working under a pressure of 
two atmospheres ; it formed a grayish granular mass ef 
specific gravity, 2.767 appearing under the microscope in 
the form of small transparent prisms colored with car- 
bonaceous matter. 







Calculation. 


Johnson. 


2 Ca O.SO* 


136. 
9. 


93.79 
6.21 


93.272 


HO....' 


6.4.% 


Carbonic matter 


0.293 


Totals 


145 


100.00 


100.00 
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its solubility is considerably diminished. 
Above 140° it becomes totally insoluble 
in sea water, and at a lower temperature 
in fresh water, and hence is deposited as 
an anhydride. It is more easily soluble 
in water containing sodium or magne- 
sium chloride in solution than in pure 
water. The effect of pressure on its sol- 
ubility and that of other salts is shown 
by the following table of analyses of 
water from boilers : 

{See Table on opposite page,) 

He shows that only a portion of the 
calcium sulphate in boiler incrustations 
contains water of crystallization. In 
boilers which have been submitted to a 
very high pressure it occurs anhydrous. 
Magnesia exists as hydrate, the magne- 
sium chloride giving up its hydrochloric 
acid under the influence of heat. The 
magnesium carbonate is decomposed at a 
temperature little above 100°, and mag- 
nesium sulphate undergoes mutual de- 
composition with calcium carbonate, the 
carbonic acid escaping. From a number 
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of analyses given it is noticeable that 
the higher the pressure, and consequent- 
ly the higher the temperature, up to 3 
atmos., the larger the quantity of 
2CaS0^ -f HjO, in comparison with the 
CaCOg. But, contrary to the opinions 
of many, Fischer holds that carbonate of 
lime suffices of itself, or probably also 
aided by silica, to form a hard crust. 

It appears from analyses of marine 
crusts to be probable also that the quan- 
tity of Na CI in the crusts increases with 
increase of the steam pressure under 
which these have been formed. 



CORROSION. 



From one or two causes, corrosion has 
been found to attack the exterior sur- 
faces of boilers, and eventually to work 
considerable damage. This, however, is 
a simple matter, as the action in these 
cases is easily preventible. 

Thus, in the case of land boilers, care- 
less setting in too much lime, has pro- 
duced bad effects — the part of the boiler 
shell exposed to the, probably impure, 
lime having been eaten away to a large 
extent. 

Setting the boilers upon a damp foun- 
dation without proper provision for 
draining, has also resulted in rapid de- 
struction, whether the moisture reached 
the boilers through the lime of the set- 
ting or through the ashes. • 

Both marine and land boilers have 
been seriously corroded by ashes when 
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cold having been carelessly allowed to 
remain in contact with the iron. The 
ashes contain a considerable quantity of 
alkaline salts of some strength, and with 
damp drawn from the bilge water in 
vessels, or from the ground ashore, or by 
deliquescence from the atmosphere, these 
salts have been enabled to attack the 
iron vigorously. 

It has also been found by S. Dana 
Hayes {Chem, News^ vol. xxx., 153, Jour, 
Chem. Soc.y vol. xiii., p. 294), that the 
soot in tubes and flues has become 
charged with pyroligneous acid, where 
wood has been freely used in lighting 
fires, or large quantities of coal have 
been charged at a time; and that this 
combination has caused corrosion. The 
same result has been caused by the soot 
retaining fine dust of ashes, and in con- 
sequence also sulphur acids, derived 
from pyrites in the coal. A case of this 
kind is also published by J. W. Chalmers 
Harvey, in Chem. News^ xxxii., 252, 
Chem. Soc. Jour,, No. clxi., p. 796. 

It is sufiicient, however, to point out 
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these causes, for they suggest their own 
remedies. Care in preparing and com- 
pleting the setting, in cleaning flues and 
ash pits, and in firing being all that is 
necessary to prevent corrosion from 
them. 

The injudicious use of brass cocks and 
connections bolted or fastened directly 
to the boiler shell, has often resulted in 
coiTOsion from galvanic action at the 
places where the two metals come in 
contact. This action proceeds more 
rapidly when a little leakage of water 
takes place at the joint or connection. 

The operation of corroding forces in 
the interior of boilers, is, however, far 
more serious and baffling. Yet even 
these forces may be reduced to submis- 
sion, but they demand study in the be- 
coming spirit of patient enquiry. 

Many investigations of these forces 
and their actions have been made, and it 
is advisable to review these before at- 
tempting to deal with the subject from 
an engineering point. 

One of the first to publish experiments 
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and trials connected with the corrosion 
of metals was the late Prof. Grace Cal- 
vert, who exposed iron and steel (with 
other metals) to the action of sea-water, 
of natural fresh water, and of distilled 
water, with and without air. He also 
submitted iron and steel to the action of 
various gases, with and without moist- 
ure, and to that of various acids. In 
general the results obtained by him 
showed that steel and then iron were 
most rapidly corroded by sea water 
when simply immersed in the sea for a 
time. (105.31 grammes of steel and 
99.30 of iron being dissolved from plates 
of forty centimeters square by immersion 
in the sea for one month.) Also that 
iron immersed in water containing car- 
bonic acid oxidised rapidly with escape 
of hydrogen gas, which led him to sup- 
pose that some galvanic action had part 
in the operation. He may, however, 
have meant merely thus to designate the 
decomposition of a part of the water by 
which oxygen was dissociated and com- 
bined with the iron under the influence 
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of the carbonic acid. The corrosive 
action of carbonic acid was corroborated 
by his experiments with gases, for when 
bright blades of steel and iron had been 
exposed for four months to the action of 
various gases he obtained the following 
results: There was no oxidation with 
dry oxygen: with damp oxygen, one 
blade only out of three experiments was 
slightly oxidised: no oxidation with dry 
carbonic acid ; with damp carbonic acid 
there was a formation of white carbon- 
ate of iron on the blades; no oxidation 
with dry carbonic acid and oxygen, but 
very rapid oxidation with damp carbonic 
acid and oxygen. He also found that 
distilled water which did not contain air 
or gases was without corrosive* action 
upon iron, a bright blade which was 
immersed in such water having become 
in some days merely here and there 
spotted with rust. It was found that at 
these spots where oxidation had taken 
place, there were impurities in the iron 
which had induced galvanic action, 
" just as a mere trace of zinc placed on 
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one end of the blade would establish a 
voltaic current." 

An analogous action of distilled water 
with and without air was observed in 
his experiments with lead — 200 litres of 
distilled water without air having dis- 
solved during eight weeks only 1.829 
grammes from a surface of 1 sq. meter, 
while the same quantity of distilled 
water aerated dissolved in the same time 
110.003 grammes.* 

These investigations were made the 
basis of an enquiry by Mr. W. Kent, of 
the Stevens Institute of Technology, 
into the corrosion of iron in railway 
bridges in the U. S., and by their means 
he was enabled to arrive at a satisfactory 
demonstration of the causes of the 



* Sir K. Christison has made inveBtigations into the 
action of water on lead {Chemical News, vol. xxviii. 16), 
but seems in his conclusions not to have distinguished 
between distilled water and pure natural waters, merely 
comparing them with respect to purity. Yet the fact 
that he always found carbonate of lead formed by the 
action of the purest waters suggest that the action was 
due to the presence of gases in solution and not to the 
water itself. 
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action. His paper was published in the 
Mngitieer^ in Aug., 1875. 

Recently, some of Calvert's results 
have been verified by A. Wagner, who 
publishes (in Dingler^s Polyt, Jour,^ 
218.70-79) an important paper on the 
Influence of Various Solutions on the 
Rusting of Iron. Distilled water free 
from air does not appear to have been 
tested, but with air freed chemically 
from all carbonic acid, a slight rusting 
was noticed, the water, however, soon 
becoming saturated with its proper 
quantity of iron. The action of carbonic 
acid (or carbon dioxide) observed by 
Calvert is also noted, and the fact no- 
ticed for the first time that the presence 
of chlorides of magnesium, ammonium, 
sodium, potassium, barium, and calcium 
in the water largely increases the pro- 
duction of rust, while this important fact 
also appears from his results, that the 
corrosive action of all these substances 
is considerably increased by the presence 
of air and carbonic acid in solution. 
Chloride of magnesium of all these salts 
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is the most active agent when alone in 
corroding the iron, but combinations of 
chloride of magnesium and carbonate of 
lime, of chlorides of barium and calcium, 
and of chlorides of sodium and cal- 
cium have also considerable corrosive 
action. 

This to some extent corresponds with 
the fact observed by Mr. John Gamgee, 
as a difficulty which he had to encounter 
in connection with the continuous freez- 
ing of water for his " Glaciarium,'' viz, 
that the brine solutions used as media 
of congelation act destructively upon 
the metallic surfaces of the pipes or 
channels through which they are con- 
veyed. {Engineering, vol xxi., page 
226.) 

Wagner, however, has also noticed 
that while chloride of magnesium solu- 
tion in the absence of air attacked iron 
at a temperattre of about 100** Cent., the 
chlorides of sodium, potassium, barium 
and calcium were without action under 
these circumstances. This author also 
notices the fact, the observance of which 
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is ascribed to Mr. Young, of Kelly (in a 
paper read by Mr. James R. Napier 
before the Phil. Society of Glasgow, 
Dec. 16th, 1874), viz., that the presence 
of an alkali in water protects iron and 
prevents rusting. In consequence of 
the great importance of his results, I 
give two tables of figures (from the four 
contained in his paper) representing some 
of them : — 

(See Tables on following pages.) 

I quote here an important experiment 
made by him on the effect of chloride 
of magnesium on iron at boiling tempera- 
ture. 

Two grammes of neutral magnesic 
chloride were introduced into a strong 
tube in which weighed pieces of iron 
were placed ; boiling distilled water was 
added, and the tube sealed up while 
steam was issuing. It was then kept at 
100° Cent. (212° F.) for six weeks, and 
after cooling was opened. Gas was 
evolved on opening it; the iron was 
black and had lost 0.39 per cent, in 
weight, and the solution when filtered 



48 



a> ^ 



T3 

So 






g 






OtH tH tHtH 



a 
o 

1 



l1 

111 i -i -is" 

«o«<^ ■'So ^ ^ 
V A gs bens' s9 ;! 4 

.S bObObobObObObObOPi 

>»!s !s !§ !§ !s !s !2 !s '^ 

moooooooo 
(5^00000000 



o 



i-tcocO'<^iocoi>oo» 



49 









CO Q0i>THU5 |>CO Tj^OOOO 


'O 




'^ i-KM'^i^O o=J^| |®^<^^ 


1 


i 


oi lofficoco cotjJ i-It-Io 




2.02 

4.53 
2.03 
3.04 
2.76 

2.97 
8.66 

0.97 
1.08 
0.83 


5. a 




IQ 




00 


g ^^^^ ^s , .ggg 


o 


i4 




1 


T-I coth<M(m' <yJco OOO 






II 


<«H 


OQ 


¥5 gSSS §g 1 |g§§ 


o 


CO 


.2 


fl 


i-I GQ-rHG^ei G^« OOO 


QQ 


^ §i?5s ss 1 |§^g 




a> 


1 


bo 


s 


O tHi-HtHt-h 1-HtH OOO 


(S 


Ci> 




^ 




'o 




« 


^ SSSS §!2 , i^Sg 


PQ 




« 








O T^OOrH Ow OOO 








• M • • . 08 








:i^ : : 


:^ 
















08 . . 

:^ : : 


I'S 
















. fQ • m 


• § 
















ia :s_ 


•8 
















:*i3 : c8o : M 






• rs 




1 
1 




water 

If-fiUed with dis 

. , more air , 

ng Ba CU and C 
ng Na CI and K 

QgMgClj 

ng Mg Cls and e 


i4 


M « 

si 


• o 








bpbObD^ 








fl fl CJ fcj ^. t3 








3^ 1 SSSSOSSS^^^ 








ii His iaiiii 










d 




thc« co-^joco i>oooftOi-ioi 


1 


z; 




y-ty-iy-t 



50 

contained chloride of iron (ferrous chlo- 
ride). (JDingler^s P, «/;, ccxviii. 70-79. 
Ghem. Soc, eTi, No. clx. p. 522.) 

Still another valuable contribution to 
our knowledge of this subject comes to 
us from Germany, in the results of an 
examination of the effects of condensed 
water containing grease on boilers which 
were fed with it, by Stingl, an author 
who also proposed and successfully 
carried out a method for the purification 
of that water. 

The water was evidently condensed by 
means of an injection condenser, as salts 
of lime and magnesia were present in 
small quantity in the condensed water. 
These salts, in presence of grease, at a 
temperature not exceeding 60° to 70° C, 
form lime-soap — part of the lime salts 
being, as has already been shown, ren- 
dered insoluble at these temperatures. 
The lime-soap, under the influence of a 
higher temperature, partially decomposes 
into free fat acid and an organic sub- 
stance which is reducible by further 
heat, yielding a carbonaceous residue. 
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This substance is a kind of basic lime- 
soap which adheres to the boiler sur- 
faces, while the acid, which is usually 
oleic acid, attacks and dissolves the 
iron. In the crust the fat acid is recog- 
nised by the addition of hydrochloric 
acid, the separated organic mass being 
afterwards shaken with ether. The 
boiler crusts have usually a dark color, 
partially due to the presence of oxide of 
iron, partly to separation of carbon from 
the fat acid partially decomposed. 
' Even if lime and magnesia salts are 
present in very insignificant proportion, 
the presence of grease is none the less 
injurious, as with saponification under 
great pressure, a very small quantity of 
lime suffices to occasion the splitting up 
of a neutral fat into free fat acid and 
glycerin; with low pressure it is not 
doubted that the same decomposition 
occurs, though more gradually. 

A sample of very soft water (6*^ of 
hardness) depositing very little crust, 
was submitted to the author of that 
paper, as a boiler in which it had been 



52 

used was completely destroyed after 
three years' work. This water had a 
milky appearance, and contained 0.212 
parts of fat in one litre. 

He also quotes the case of the corro- 
sion of a gasometer, the cistern of which 
had been luted with greasy condensation 
water. The gasometer would have 
lasted twenty or thirty years had ordi- 
nary water been used, but in the cir- 
cumstances mentioned, that part of it ex- 
posed to the water was corroded through 
after four years. 

The destructive action of the oleic 
acid on the oil-pumps used in stearin 
candle manufactories is also alluded to. 
And the following details are given of 
an interesting case of boiler corrosion, 
with accompanying incrustation, and of 
the means used to overcome the destruc- 
tive action. The condensed water from 
two steam engines, respectively of 300 
and 100 horse-power, was used to feed a 
steel boiler of the Cornish design. After 
only three weeks' firing, water began to 
leak into the tubes, and shortly after the 
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boiler had to be stopped for examination 
and repair. A deposit on the upper part 
of the tubes, from eight to eleven mm. 
thick, was found. The water had an 
opalescent appearance, at once removed 
by ether, which the author recommends 
as a good qualitative test for the pres- 
ence of grease in water. The following 
is the result of analysis of the condensed 
water, which was obtained at a tempera- 
ture of 40"^ to 50°. 

In 10,000 parts. 

Calcium carbonate 1.3091 

Magnesium carbonate 0.6930 

Calcium sulphate 0.3158 

Magnesium chloride 0.0134 

Sodium chloride 0.1200 

Ferric oxide and alumina. . . 0.0241 

Silica 0.0023 

Organic matter 0.4138 



Total 2.8915 ** 

The crust deposited from this water 
had a dark greyish-brown color and was 
friable ; but when pulverised it was diffi- 
cult to wet with water. It effervesced 
strongly with hydrochloric acids, a black 
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fatty mass being left floating on the sur- 
face of the acid, which shaken with ether 
yielded thereto about 5.19 per cent, of a 
brown oil. The residue insoluble in 
hydrochloric acid was washed with ether 
to remove fat, dried at 100°, weighed and 
ignited. The following shows the full 
analysis : • 

Calcium carbonate 51.42 per cent. 

Magnesium carbonate 11.30 ** 

Magnesium hydrate 3.90 ** 

Calcium sulphate 6.63 ** 

Ferric oxide 12.75 ** 

Alumina 0.31 

Silica 0.34 

Fat acids 5.19 " 

Combustible matter 8.46 ** 

100.30 

In order to purify the water, the cal- 
cium carbonate and part of the magnesi 
um carbonate, with all the grease, were 
removed by precipitation and subsequent 
filtering. The fat particles were removed 
by being enveloped by the precipitated 
calcium carbonate, which mechanically 
retained them on the filter, the reaction 
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being favored by suitable temperature 
and intimate mixture previous to filter- 
ing. 

The water then contained in 10,000 parts. 

Calcium carbonate 0.1773 

Magnesium carbonate 0.4135 

Calcium sulphate 0.2068 

Magnesium chloride 0.0108 

Sodium chloride 0.2351 

Silica traces. 

Ferric oxide and alumina. . . traces. 
Organic matter 0.1512 



Total 1.1947 parts. 

No grease could be detected in the 
filtered water, which was then used in 
the same boiler, after being repaired, for 
three months, when the deposit on the 
tubes was found to amount to a layer of 
only the thickness of a sheet of paper 
and almost wholly consisted of gypsum^ 
and easy to remove. The whole amount- 
ed to only five kilometers in weight after 
three months' steady work. It was a 
loose greyish-brown mass, the following 
showing the analysis : 
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Calcium carbonate 19.30 per cent. 

Magnesium carbonate 1.26 ** 

Magnesium hydrate 45.02 ** 

Calcium sulphate 15.12 '' 

Ferric oxide 9.43 " 

Silica 2.04 

Organic matter (insol. in 

ether) 7.35 • ** 

Fatty matter traces. 

99.52 

To purify such water as the above- 
named for high pressure boilers, a mix- 
ture of lime-water and caustic soda solu- 
tion is recommended, as this not only 
removes fat acids but also removes the 
magnesia, which forms with gypsum 
hard incrustations at high temperatures. 
(Dingier Polyt, e/i, ccxv. 115-121, Chem. 
Soc. e7[, vol. xiv., sec. 2. p. 132.) 

In a letter on the corrosion of boilers, 
addressed by me in October, 1874, to 
the Editor of Engineering (and published 
in that paper on October 23, 1874), ref- 
erence was made to the Report on Cor- 
rosion of the Tubing of two of Rowan 
Sd Horton's Patent Boilers, by Mr. 
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Thomas Spencer, an analytical chemist. 
Starting from the slender basis afforded 
by the examination of water mains in 
two cases of internal corrosion of these, 
Tvhere a very pure natural water was 
conveyed through them, Mr. Spencer 
argued that the corrosion in these boilers 
was due to the use of distilled water, 
which alone was used in them, but which 
he confounded with pure natural water. 
In the absence of any well ascertained 
facts as to boiler corrosion, his opinion 
was accepted as sufficiently explanatory 
of the action; but, as is often the case 
with half-knowledge, that which was 
true in his investigations, was rendered 
indistinct by crude conjectures. In con- 
sequence of this, in the letter referred 
to, and generally in all published opin- 
ions emanating from engineering sources 
which I have seen, neither the great dif- 
ference between genuine distilled water 
and pure natural waters — viz., the quan- 
tity of air and gas which is invariably 
held by the latter — ^has been properly 
weighed or even acknowledged, nor has 
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the only point of similarity between the 
distilled water from surface condensers 
known on board steamers and pure fresh 
water — viz., that there is always some 
air present in the former — ^been noticed 
or allowed for. In the letter referred to, 
I regret that I was misled into confound- 
ing distilled water with Loch Katrine 
water, having in view merely pjarity, 
and not considering the presence' of air 
or gases. 

In considering now some examples of 
boiler corrosion, I shall adopt the ar- 
rangement already used in the section on 
Incrustation, viz : 

1. Land boilers using natural fresh 

waters; and, 

2. Marine boilers. 

1. From what has been before us in 
connection with Incrustation, it is plain 
that it is in those land boilers only which 
are fed with pure natural waters that we 
are likely to find Corrosion at work. 
Where lime salts are present, a crust is 
formed, and the metal surfaces of the 
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interior of the boiler are thus kept from 
contact with the water and any corrod- 
ing ingredient in it. The special incon- 
veniences of such crust formation we 
have already considered. Highly chaly- 
beate waters, although not depositing a 
crust, do not seem to act injuriously. 
A case is mentioned in Mr. Jas. Napier's 
paper in Proc, Phil. Soc, G.^ demonstra- 
ting this. There may, however, be some 
material forming part of the crust, or 
adhering to it, which suffers decomposi- 
tion in contact with the heated iron, and, 
as a consequence, attacks the metal. 
This is the case with crusts formed with 
fat or greasy substances, as in the 
instance already quoted in the paper by 
Stingl. 

We have, in this district, ample oppor- 
tunity of proving the effect of very pure 
fresh water upon boilers, because there 
are few natural waters of greater purity 
than that from Loch Katrine, with which 
various manufactories in and around this 
city are supplied. 

The water formerly supplied to Glas- 
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gow having been calcareous, it has been 
found that boilers which used it for some 
time, have not suffered from corrosion 
when subsequently fed with Loch Kat- 
rine water — the explanation of this being 
the fact that the thin coating of lime 
which these boilers had acquired acted 
as an efficient and permanent protec- 
tion. 

Where, however, owners or managers 
have been very zealous in removing by 
mechanical or chemical means every 
trace of that crust in order to get the 
full benefit, as they have thought, of the 
pure water, the result has been different 
and " the full benefit " has often been of 
a kind to perplex them. When also new 
boilers have been started from the first 
with Loch Katrine water corrosion has 
been more or less rapid, and considerable 
trouble and inconvenience have been 
caused thereby. 

These facts find illustration in many 
manufacturing establishments around. I 
have been informed, amongst others, of 
a boiler attached to a mill in Bridgeton 
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where every care was taken to remove 
all scale before introducing Loch Katrine 
water, and the millowners were chagrin- 
ed by finding their boiler quickly suffer 
from corrosion. 

In an engineering work at Port-Dun- 
das (Rowan & Co.'s), one boiler which 
had wrought upon a supply of the for- 
mer calcareous water, and was latterly 
supplied with Loch Katrine without being 
scaled, continued to work for some years 
without showing symptoms of distress 
from corrosion. In th^ same works, 
however, a range of new boilers, put 
down after the introduction of the pure 
water, suffered so severely as to require 
constant repairs at tubes, and an entire 
new set of tubes (of between forty and 
fifty in each boiler) in a comparatively 
short time. In another engineering work 
on the south side of the city (A. & W. 
Smith & Co.'s), the mains hop boiler was 
worked for three or four years without 
suffering corrosion with Loch Katrine 
water, after having worked previously 
for seven or eight years with the former 
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Glasgow water. When a new boiler was 
substituted for this old one, although 
the new one was subjected to precisely 
the same conditions as those its prede- 
cessor wrought under for some years 
without trouble or difficulty, it was found 
to the consternation of the proprietors 
that the new boiler was corroding away 
so fast as to suggest that a third boiler 
would be required very soon. Until the 
presence and effect of the lime coating 
in the former boiler were pointed out, it 
was impossible for them to understand 
how one boiler should be able to use 
Loch Katrine water without damage, 
while another similarly worked should 
suffer in so short a time. 

In the former of these two examples 
no condensed water was fed into the 
boilers, as they were working in connec- 
tion with high pressure atmospheric 
engines and other machines; consequent- 
ly there was no grease or other corrosive 
agent introduced into them, and thus the 
corrosion could be traced directly to the 
water. In the latter one, a part of the 
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condensed steam was collected in the 
feed cistern, and a considerable quantity 
of grease thus found its way into the 
boiler, thus aiding the corrosion some- 
what. Steps were at first taken to ex- 
clude this grease from the boiler but 
the corrosion afterwards proceeded — 
large quantities of oxide of iron being 
removed from the boiler — until means 
were adopted to overcome the action. 

The following is the result of the 
analysis of the water made during July, 
and published by Prof. Mills, who in- 
forms me that it represents a fair 
average of the quality of the Loch 
Katrine supply : 

In 100,000 parts. 

Total solid impurity 3.16 

Organic Carbon 0.110 

Organic Nitrogen 0.033 

Ammonia — 

Nitrogen as nitrates and nitrites — 

Total combined Nitrogen 0.033 

Chlorine .' 0.70 

Hardness 0.48 

The report also bears that the water 
was pale brown in color and contained 
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traces of fibrous matter and muddy 
particles, and that the general condition 
was very satisfactory. 

Nothing contained in the water as 
impurity can account for its destructive 
action; but the fact that it contains 
seven to eight cubic inches of gas (of 
which about three cubic inches are oxy- 
gen) to the gallon in solution, coupled 
with the investigations already quoted in 
this paper, as to the effect of distilled 
water without gas and of water contain- 
ing gas, makes all plain. The corrosion 
is due to the action of the carbonic acid 
and oxygen held by the water, and the 
action is all the more rapid, from the 
absence from the water of any mineral 
matter with which the gases can com- 
bine. In both of these engineering 
works an artificial coating of lime was 
formed in the interior of the boilers, by 
feeding regularly into them each morn- 
ing for some time a whitewash of Irish 
lime and water. This expedient was 
quite successful in checking the corrosive 
action, and as the lime soon hardened. 
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under the influence of the heat, no 
trouble was experienced in preserving 
the coating. Pieces of limestone were 
also placed in the feed tank or cistern, 
but it is doubtful if they produced much 
effect. The carrying out of the applica- 
tion of lime in this way, was due to the 
ingenuity of Mr. T. R. Horton. Where, 
however, it is possible to mix with Loch 
Katrine or other pure water, a proportion 
ot a calcareous natural water for a time, 
the scale formed thus in working will 
probably be of a more enduring nature. 
I strongly recommend this plan to those 
using Loch Katrine water, who have ac- 
cess to former sources of supply. 

2. Marine Boilers. We are intro- 
duced to a variety of corrosive actions in 
considering marine boilers, according as 
we have to deal with boilers working 
with nothing but fresh water or those 
which use a proportion of sea water. It 
is necessary, however, clearly to dis- 
tinguish these two classes. 

The only marine boilers as yet using 
exclusively fresh water in regular work- 
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ing with which I am acquainted are 
those of Rowan & Horton's, mentioned 
in the letter to Engineering^ to which I 
have referred, and elsewhere, and those 
working on Perkins' plan. Some of the 
ordinary boilers used in steamers with 
what are called compound engines, have 
been occasionally wrought entirely with 
fresh water, but in every such case re- 
corded, that manner of working was 
abandoned after a very short trial, in 
consequence of the rapid corrosion which 
was discovered to be going on. Boilers 
in vessels whose voyages are always 
made in sea water, are constantly liable 
to receive a small quantity of salt water 
by leakage through surface condenser 
joints, or some other connections, so that 
even where it is or has been the intention 
to use fresh water only, it is not possible 
without analysis to determine if that has 
been done. The first of the examples 
quoted above have, however, this ele- 
ment of uncertainty removed from their 
case in consequence of their steamers 
running in fresh water, except for a very 
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small part of their voyage. In their 
case corrosion from fat acids and from 
galvanic action, of what may be called an 
intermittent kind, was experienced and 
successfully counteracted. These ac- 
tions, and the respective remedies which 
were adopted, I have mentioned in the 
published letter referred to, and I quote 
them here because they show what are 
the corrosive forces to which marine 
boilers, working exclusively with fresh 
water, may be subjected. Lime was 
present in small quantity in the river 
water used to fill up the boilers at start- 
ing and to make up waste in working, 
so that the decomposition of fats already 
described could take place. When the 
grease was removed as much as possible 
by filtering the feed water, and the pres- 
ence of any free acid neutralised by zinc 
the corrosion ceased. The galvanic 
action was also arrested by means of the 
filter, because in general this action is 
caused by local contact with particles of 
metal carried into the boiler, and not, as 
has been erroneously supposed, by means 
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of the surface condenser and the boiler 
forming together the two elements of a 
huge battery, the steam and water being 
the exciting medium. 

Of Perkins' boilers worked in steamers, 
we have no published accounts with 
which I am acquainted, so that we can- 
not say whether they have suffered from 
corrosion in the course of the exigencies 
of practical voyage making. It is, I 
know, the aim of Mr. Perkins to exclude 
if possible all sea water, and all oily 
matter from his boilers, and if successful 
in doing this, and working only with 
fresh water, the corrosion will not be 
great. Still there will be some, as the 
gases of the natural fresh water with 
which the boilers are filled at starting 
^11 oxidise their proportion of iron, and 
in the feed water, which, as condensed 
steam has been returned from engines 
through the surface condenser and dis- 
charged by the air pump into the hot 
well, there is of necessity (probably not 
much), yet some air present, as the con- 
densation takes place in contact with air; 



69 

and this air will also do its own share in 
corroding fresh portions of the clean sur. 
face of the boilers. It is probable that 
if these boilers are introduced into mer- 
chant steamers and become subject to 
the invariable emergencies of regular 
trading by which leakages, deficient 
supply, and contamination of feed water 
are experienced, and foreign substances 
find their way into the boilers, the evils 
of corrosion may be known to a greater 
extent than that to which they reach, 
where it is possible to observe all the 
precautions of the inventor of that 
system. 

Generating steam from fresh water 
alone is undoubtedly the proper, as it is 
sure on this account to be ultimately the 
general, mode of operation with steam 
boilers, but for ordinary sea-going pur- 
poses, appliances must not be too deli- 
cate, but require to possess the power to 
endure abnormal and adverse condi- 
tions. 

The case of a coasting steamer using 
in her boilers natural fresh water from 
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two sources (one at each end of her voy- 
age) whose boilers were destroyed by 
corrosion with great rapidity was made 
known by Mr. James Gilchrist, in a 
paper read before the graduate section 
of the Inst, of Engineers in Scotland, 
and published in February of this year 
in a periodical called Marine Engineer- 
ing News. Analysis of one of these 
waters (the other having been Loch 
Katrine), and of the deposit found in 
the boilers are given in the paper with 
the opinions of two professional chem- 
ists, who ascribed the corrosive action to 
the injudicious use of a large quantity of 
tallow in engines and boilers. There is 
no doubt that the decomposition of the 
tallow was in itself sufficient to cause 
serious damage to the boilers in presence 
of fresh water containing a small quanti- 
ty of lime; but the action in this case 
was modified by a fact not noticed by 
the chemists — viz., that during the voy- 
age of the steamer all deficiency in feed 
water was made up from the sea. The 
boiler deposit consequently contains 
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9.11 ^ of magnesia, and 12 ^ of common 
salt, as well as 8.86 ^ of oil and organic 
matter; and it is to the presence and de- 
composition of chloride of magnesium to 
which the presence of magnesia in the 
deposit bears witness, as well as to the 
carbonic acid of the original boiler sup- 
ply, that a great part, and probably the 
rapidity of the corrosive action, is, I 
believe, to be attributed. 

This leads to the consideration of 
marine boilers using partly fresh and 
partly salt water, by far the most exten- 
sive class at present, and that which 
has suffered most from corrosive action. 

A very intelligent account of the state 
of matters in this class of boilers is given 
by Mr. Milln, in a paper read before the 
Cleveland Iron Trade Foremen's Asso- 
ciation, Nov., 1875, and published wide- 
ly in the engineering periodicals. This 
author describes graphically the intro- 
duction of the surface condenser into 
marine engine practice, with which is 
coincident the commencement of all real 
trouble from corrosion, and he then de- 
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distinct sets of marine boilers. In the 
first of these we have a good example of 
boilers which had been worked at com- 
paratively low pressure, viz., twenty-five 
pounds per square inch and fed for four 
years with sea water — working during 
that time in connection with an ordinary 
injection condenser attached to engines 
which indicated 900 horse power. As 
the voyage was not of long duration and 
time was given for regular "scaling " of 
che boiler surfaces (i.e. removing the 
scale from them) at the close of every 
voyage, no damage was done by incrust- 
ation and no inconvenience beyond the 
cost of fuel consumed was experienced. 
The injection condenser was then re- 
placed by a surface condenser, some of 
the old incrustation being left adhering 
to the boiler surfaces, and the boilers were 
worked for some time thereafter with 
fresh water, the deficiency in feed supply 
being made up from the sea. The crust 
was soon removed and the boilers cor- 
roded, showing pits and blotches and all 
the usual symptoms. 



73 

The other instance quoted by Mr. 
Milln is that of a new set of boilers 
working at sixty-five pounds pressure in 
connection with compound engines of 
1700 horse power and surface condenser, 
evidently an excellent example of aver- 
age modem steamship machinery. These 
boilers were worked from the first with 
fresh water, the waste being supplied 
by distilled water, yet the density of the 
water increased daily and corrosion pro- 
ceeded at the same time most energeti- 
cally. After one voyage the boilers 
were filled at starting with sea water, 
but no more sea water was added during 
the voyage except the small quantity 
necessary for surplus feed supply. 
Under these fresh circumstances corro- 
sion still proceeded, though it was 
thought more slowly, and was only 
finally stopped by what is called " chang- 
ing the water," i.e. blowing off a quantity 
regularly and replacing it with sea water, 
thus introducing fresh quantities of sea 
water into the boilers during the voy- 
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This author then alludes to the many 
theories explanatory of corrosive action 
which have been started, but only to re- 
ject them all and adopt the popular er- 
ror, that corrosion is due to a change 
supposed to be wrought upon the water 
itself by distillation or re-distillation, 
which according to some, confers upon 
it the properties of a powerful solvent of 
metals, and according to others, although 
they do not like to state it thus plainly, 
this distillation decomposes the water 
and dissociates its oxygen, which forth- 
with attacks the iron of the boilers, or 
as Mr. Milln puts it : " the constituent 
elements of water when frequently re- 
distilled undergo such a change as to 
greatly intensify its action on or affinity 
for iron," One engineering journal in- 
deed very confidently affirms that it is 
" a fact but too familiar to engineers that 
the continuous boiling of distilled water 
in an iron vessel causes the destruction 
of that vessel," but has to admit that 
the circumstance that that water also 
passes over a very great surface of brass 
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or copper, (of the destruction of which, 
however, not a word is said,) complicates 
the aspect of the phenomena. 

It must, however, be confessed by en- 
gineers, that of the data or investigations 
by which so apparently wild a theory 
has been established us a fact they are 
as yet profoundly ignorant, and as Mr. 
Milln observes " it is with regard to the 
nature of this change that we so much 
want information !" There is this soli- 
tary fact known and harped upon, viz. : 
that dry steam in contact for a period of 
time with iron or carbon in a tolerably 
fine state of division and at a red heat is 
decomposed hydrogen gas escaping, 
while the oxygen combines with the iron 
or carbon. But this has never been at- 
tempted with water nor can be done 
with steam below red heat. What is 
known of the action of distilled water 
proves, indeed, the clean contrary to 
this theory, and in illustration of " what 
is known," I refer to those investigations 
which I have already quoted. They 
prove that it is the presence of air or 
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gases which makes the difference in the 
action of various pure waters, and even 
in that of the various salts dissolved in 
impure waters, and that when water is 
distilled free from air, its corroding 
power is lost. Thus the remedy for 
corrosion proposed by some engineers 
to-day — viz., that the condensed steam 
should be aerated, proves to be a foolish 
suggestion, for this would but increase 
the power of that water to corrode the 
iron of the boilers. 

I shall be within the strict truth when 
I say that it is hasty to conclude, from 
examples of boiler corrosion, that distill- 
ed water has to do with the corrosion, 
for the fact is that there is no case known 
in which the proper effects due to the 
employment of distilled water alone, 
and free from gases, upon the metal of 
boilers, could have been observed. The 
boilers of Rowan & Horton, and of Per- 
kins,' present the nearest approach to the 
conditions requisite for such information, 
but not all the necessary conditions are 
found even in these instances. The ex- 
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amples just quoted from Mr. Milln's 
paper are of the kind with which engi- 
neers are more generally familiar, and 
they do not give such data as would lead 
to the conclusions about distilled water. 
The opinion is therefore due to a hasty 
conclusion, drawn from the coincident 
occurrence of corrosion with the intro- 
duction of surface condensers. 

In the first example, genuine distilled 
water was never present. The boilers 
were filled up with fresh water at start- 
ing with the surface condensers, but not 
only was waste and deficiency of feed 
made up from the sea during the voya- 
ges, but there was also the saline crust 
adhering to the boilers to be dissolved or 
partially dissolved by the fresh water. 
Contrary to the opinion of Mr. Milln and 
others, I maintain that just because an- 
alysis shows that such crust contains 
chloride of sodium (in appreciable quan- 
tity when formed at such a pressure as 
that of the boiler mentioned — viz., 25 
lbs. per square inch), if not also other 
soluble ingredients, a certain part of the 
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crust must have been — and in such cases 
always is — dissolved ; and thus the crust 
is partially disintegrated, and the insol- 
uble magnesia and sulphate of lime fall 
in flakes to the bottom of the boiler. 
The fact that the water did not long re- 
main fresh does not in any way interfere 
with this opinion, for it is a fact well 
known that salts dissolve more readily 
in a solution of other salts than in fresh 
water. Hence the scale would come off 
even more rapid when a small quantity 
of sea water was used. 

The second example started with boil- 
ers filled with natural fresh water, which 
itself has (as we have seen), if pure, 
power to corrode by its gases in solution ; 
but although distilled and not sea water 
in this case was used for surplus feed 
supply, the salinometer test showed 
plainly that pure distilled water was 
never present, and that either sea water 
was getting in through a leaky conden- 
ser, or that fatty and other matters were 
accumulating in the boiler, the color and 
taste of the water being decided indica- 
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tions that such (and probably both of 
these) results were happening. After 
the first voyage which gave such results, 
sea water was regularly used in greater 
or less proportion. 

Thus we must search for the corroding 
agents apart from the distilled water. 
The analyses by Dr. Wallace and others? 
of boiler crusts, and the researches of 
Wagner and Fischer quoted herein, re- 
veal one very important one — viz., the 
chlorine or hydrochloric acid set free by 
decomposition of the chloride of magne- 
sium in the sea water. This decomposi- 
tion may take place under the influence 
of high temperature alone, when magne- 
sium hydrate is deposited, while the iron 
is attacked by the hydrochloric acid, first 
cloride and subsequently oxide being 
formed. As the combined influences of 
temperature and carbonate of lime are 
present, it is probable that the sulphate 
of magnesia is also decomposed, and that 
some oxy chloride of magnesia is also 
formed, but this has not yet been de- 
monstrated by analysis of deposits. 
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though it is the opinion of Dr. Mills and 
others that part of the magnesia reported 
in ordinary analysis of boiler deposit 
from sea water exists in that form. Dr. 
Fischer also demonstrates that this mu- 
tual decomposition of magnesium sul- 
phate with calcium carbonate is a fact, 
and that the liberation of carbonic acid 
also necessarily takes place. 

The researches of J. Y. Buchanan " on 
the power of sea water to absorb car- 
bonic acid," to which I have already re- 
ferred, have shown us that sea water, on 
account of the sulphates which it holds 
in solution, absorbs a large amount of 
that gas, which it readily gives up on 
the sulphates being decomposed or sepa- 
rated from the water. Such decomposi- 
tion and precipitation of sulphates occur 
in marine boilers, besides there being, 
now since the surface condenser era, re- 
peated boiling of the water, which of 
itself in time liberates nearly all the car- 
bonic acid. We have in these two 
agents, viz — the hydrochloric acid of the 
decomposed chlorides and the carbonic 
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acid, combined with high temperature 
and pressure, quite enough to account 
for most of the corrosion which occurs. 

The researches of Stingl, which I have 
quoted, show the power for evil which 
greasy matters wield, and this specially 
I believe where the water is comparative- 
ly fresh, though not there alone. And 
where grease is allowed to reach the 
boilers it can also carry along with it 
particles of other metals, which, in spite 
of the incredulity of some engineers, have 
been found to do mischief, and are capa- 
ble of doing, if possible, more in pres- 
ence of salt water than with fresh, un- 
less it be acidulated. It is not supposed 
that they can do all the mischief, or even 
any in places to which they cannot 
reach; it is sufficient that they are capa- 
ble of doing some, and there are speci- 
mens extant (among the specimens col- 
lected by the Admiralty committee on 
boilers, for instance) of corrosion and 
abrasion of brass tubes and other parts 
of engines, which show that this is a 
real and not a fancied danger. 
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The simple explanation of the fact 
that all such corroding agents have 
done damage principally since the intro- 
duction of the surface condenser, is that 
the surface condenser, by separating the 
condensed steam from the sea water 
used to condense it, and by returning so 
much fresh water to the boilers, has re- 
duced the proportion of sea water used 
in them below that point at' which it is 
possible to form a protecting scale or 
crust by the saturation of a consider- 
able quantity of sea-water. It also, as 
I have said, provides for the complete 
liberation, by repeated boiling, of the 
carbonic acid held by the sea- water. 

That sea-water alone at the boiling 
point corrodes iron is proved by one of 
Wagner's experiments, in which the per- 
centage of loss from a piece of iron plate 
which was kept in contact with boiling 
sea water and air for six weeks, steadily 
increased from 0.43^ after one week to 
1.24^ after six weeks. And proof that 
in marine boilers a small proportion of 
sea water is capable of doing miachief 
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while a large quantity is not, is found 
readily in the fact that engineers have 
repeatedly arrested corrosive actio^i by 
simply increasing the quantity of sea- 
water in the boilers, but without altering 
any of the other conditions of working. 
It is always in boilers that are *' worked 
fresh " (^.e., with the minimum of sea- 
water) that corrosion proceeds most 
rapidly, and I know of one steamer (the 
S.S. Vespasian) where by continually 
working fresh, a new set of boiler tubes 
was required in little more than twelve 
months after starting, while after that 
time, in the same boilers, the use of a 
large proportion of sea-water was enough 
without further change in working to 
preserve the boilers from rapid corrosion. 
As soon as the smallest quantity of scale 
begins to form, destructive action is 
arrested. This is true of all the various 
kinds of destructive action, and explains 
how under the old regime none of these 
were known. It also shows how falla- 
cious must be any conclusions drawn 
from comparisions of results with old 
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boilers in any attempt to argue from 
them to results in modern ones, as 
though both were obtained under like 
conditions. Another proof of the exis- 
tence of such decompositions as I have 
described is found in the fact that the 
water of boilers in which corrosion is 
going on becomes alkaline. This shows 
an accumulation in solution of the effect 
of the alkaline ingredients of the sea- 
water, by decomposition and the neutral- 
isation of the acid ingredients, and it is 
for this reason that some have been dis- 
appointed by testing the water, who had 
concluded that if corrosion was due to 
the presence of acid substances then the 
water must be acid. 

The pitting and blotching effects pro- 
duced on the metal of the boilers prove 
on examination to be not so mysterious 
as our first apprehensions rendered them. 
The same results follow the use of cor- 
roding liquids in any metal vessels when 
exposed to air and to light. Even basins 
made of platinum, which is harder and 
closer in texture than any other metal. 
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I am informed are found by chemists to 
wear in a similar way by having certain 
liquids boiled in them, and thus the 
effects are apparently due to non-homo- 
geneity of the metals as well as to purity 
in some cases. Heat in most instances 
has a considerable share in directing the 
action which is usually found to have 
been more intense in the hotter regions. 
Before adverting to a remedy for this 
action, I may say that in the boilers of 
the S.S. Propontis, analyses of crusts 
from which are given previously, the 
various results of corrosion were experi- 
enced. Increase of density in the water 
observed when nominally working with 
fresh water alone, proves from the anal- 
ysis of the deposite then taken from the 
boilers, and from an estimation of the 
total solids in the water at the close of 
that voyage (made by Mr. Tookey, and 
found to amount to 3272.5 grains in the 
gallon), to have been due to leakage of 
sea-water into the boilers by means of 
connections with a small boiler used for 
supplying steam to a cylinder steam- 
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jacket. Milkiness and acrid taste in the 
water were no doubt due to the presence 
of fatty substances in solution, as a large 
quantity of grease was collected on the 
filter through which all the feed water 
passed. It is probable that these two 
causes will be found to account in nearly 
all cases for the increase of density 
often observed in similar circumstances 
of working. 

It now remains to suggest a remedy. 
Much has been said in favor of the use 
of zinc in boilers, but zinc will not do 
where any proportion of sea-water is 
used, because it is very rapidly decom- 
posed by the salts in sea-water, and 
chloride of zinc merely adds to the im- 
purities and evils of the case. It has 
been, and may be, used successfully in 
fresh water, where there is free acid to 
be neutralized, but there its usefulness 
stops as far as corrosion is concerned. 

Filtering the feed water is a most 
excellent precaution, and should undoubt- 
edly be universally adopted in order to 
prevent, as far as possible, the entrance 
of foreign substances into the boilers. 
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To prevent the corrosive action in 
them of matters in solution, which no 
filter can arrest, I believe no better rem- 
edy can be found than the forming on 
the interior surfaces an artificial coating 
composed of calcium sulphate and mag- 
nesium hydrate in proportions varying 
according to the pressure carried in the 
boiler. This can be readily fed in, in 
the form of a thin whitewash with fresh 
water, and should be applied to all 
boilers on the very first occasions of 
getting up steam in them. Otherwise 
corrosive actions may commence, and 
unfit the surfaces for the adherence of 
such a protecting crust. A protecting 
crust has repeatedly been formed in 
boilers by using salt water; and in one 
of Mr. Milln's examples he was able to 
keep this of proper thinness by regularly 
blowing off about 1.9th of the water 
evaporated. Yet this is, as he admits, a 
very troublesome, and not a safe method 
of working, and yet to keep such a scale 
on, it must be carefully carried out 
without intermission, because as soon as 
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the boilers are allowed to " work fresh " 
that scale dissolves off. By making an 
artificial scale with fresh water, as sug- 
gested, its thickness is quite under con- 
trol, and when once hardened by heat, 
fresh water will not dissolve it, and thus 
steam can be generated in the best way. 
Even if a small quantity of sea-water 
should leak in it is not likely that the 
coating would be injured. 

Apart from such a plan there seems to 
be no hope of escaping corrosion and 
advancing at the same time in engineer- 
ing practice, until it is possible to have 
copper boilers. And yet, even then, as 
the recent experiments of Carnelley on 
"The action of water and of various 
saline solutions on copper," seem to 
show, we should still have to combat the 
same difficalties. 
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tem, its effects upon Iron Clad Ship Systems and m- 
fluence imon future naval wars. By Lieut -Com- 
mander J. S. Barnes, U. S. N., witn twenty litho- 
graphic plates and many wood cuts. 8vo, cloth 5 oc 

HOLLET. A Treatise on Ordnance and Armor, em- 
bracing descriptions, discussions, and professional 
opinions concerning the materials, fabrication, re- 
quirements, capabilities, and endurance of European 
and American Guns, for Naval, Sea Coast, and Iron 
Clad Warfare, and their Rifling, Projectiles, and 
Breech-Loading ; also, results of experiments against 
armor, from official records, with an appendix refer- 
ring to Gun Cotton, Hooped Guns, etc, etc By 
Alexander L. HoUey, B. P., 948 pages, 403 engrav- 
mgs, and 147 Tables of Results, etc « 8vo, half roan, sq oo 
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SIHMS. A Treatise on the Principles and Practice of 
Levelline^ showing its application to purposes of 
Railway Engineering and the Construction of Roads, 
&c By Frederick W. Simms, C. E. From the 5th 
London edition, revised and corrected, with the aodi- 
tion of Mr. Laws's Practical Examples for setting 
out Railway Curves. Illustrated with three Litho- 
graphic plates and numerous wood cuts. 8vo, cloth. $3 5a 

BURT. Key to the Solar Compass, and Surveyor's 
Companion ; comprising all the rules necessary for 
use in the field ; also description of the Linear Sur- 
veys and Public Land System of the United States, 
Notes on the Barometer, suggestions for an outfit for 
a survey of four months, etc By W. A. Burt, U. S. 
Deputy Surveyor. Second edition. Pocket book 
form, tuck a 50 

THE PLANE TABLE. Its uses in Topographical 
Surveying, firom the Papers of the U. S. Coast Sur- 
vey. Illustrated, 8vo, cloth 3*0 

" Tbis worK gives » description of the Plane Table, employed at the 

IT. 8. Coast Surrey office, and ibe manner of using it." 

JEFFER'S. Nautical Surveying. By W. N. Jeffers, 
Captain U. S. Navy. Illustrated with 9 copperplates 
and 31 wood cut illustrations. 8vo, doth. 5 00 

CH AUVENET. New method of correcting: Lunar Dis- 
tances, and improved method of Finding the error 
and rate of a chronometer, by equal altitudes. By 
W. Chauvenet, LL.D. 8vo, doth a 00 

BRUNNOW. Spherical Astronomy. By F. Brunnow, 
Ph. Dr. Translated by the author from the second 
German edition. 8vo, doth 650 

PEIRCE System of Analytic Mechanics. By Ben- 

jamin Peirce. 410, doth zo 00 

COFFIN. Navigation and Nautical Astronomy. Pre- 
pared for the use of the U. S. Naval Academy. By 
Prof. J. H. C. Coffin. Fifth edition. 5a wood cut illns- 
{ratioBS. z3mo,cloth 350 

NOBLE (W. H.) Usefiil Tables. Compiled by W. H. 
Noble, M. A., Captain Royal Artillery. Pocket 
form, cloth 50 
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CLARK. Theoretical Navigation and Nautical Astron- 
omy. By Lieut Lewis Clark, U. S. N. Illustrated 
with 4z wood cuts, 8vo, doth $3 co 

HASKINS. The Galvanometer and its Uses. A Man- 
ual for Electricians and Students. By C. H. Has- 
kins. z amo, pocket form, morocco. 2 ao 

MORRIS (£.) Easy Rules for the Measurement of 
Earthworks, by Means of the Prismoidal Formula. 
By Ellwood Morris, C. fi. 78 illustrations. 8vo, 
cloth I 50 

BECKWITH. Observations on the Materials and 
Manufacture of Terra-Cotta, Stone Ware, Fire Brick, 
Porcelain and Encaustic Tiles, with remarks on the 
products exhibited at the London International Exhi- 
bition, 1871. By Arthur Beckwith, C. E. 8vo, 
paper ,. no 

MORFIT. A Practical Treatise on Pure Fertilizers, and 
the chemical conversipn of Rock Guano, Marlstones, 
Coprolites. and the Crude Phosphates of Lime and 
Alumina generally, into various valuable products. 
By Campbell Mornt, M.D., with a8 illustrative plates, 
8vo, cloth « ao 00 

BARNARD. Tne Metric System of Weights and 
Measures. An address delivered before the convoca- 
tion of the University of the State of New York, at 
Albany, August, 1871. By F. A. P. Barnard, LL.D., 
President of Columbia College, New York. Second 
edition from the revised edition, printed for the Trus- 
tees of Columbia College. Tinted paper, 8vo, cloth 3 00 

■ Report on Machinery and Processes on the In- 
dustrial Arts and Apparatus of the Exact Sciences. 
By F. A. P. Barnard, LL.D. Paris Universal Ear 
position, Z867. Illustrated, 8vo, cloth. 50* 

ALLAN. Theory of Arches. By Prof. W. Allan- for- 
merly of Washington & Lee University, iSmo, b'rds 5c 

ALLAN (Prof W.) Strength of Beams under Trans- 
verse Loads. By Prof. W. Allan, author of " Theory , 
of Arches." With illustrations. i8mo, boards 50 
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MYER. Manual of Signals, for the use of Signal officers 
in the Field, and for Military and Naval Students, 
Military Schools, etc A new edition enlarged and 
illustrated. By Brig. General Albert J. Myer, Chief 
Signal Officer of the army, Colonel of the Signal 
^orps during the War of the Rebellion. lamo, 48 
plates, full Roan $5 00 

WILLIAMSON. Practical Tables in Meteorology and 
Hypsometry, in connection with the use of the Bar- 
ometer. By CoL R. S. Williamson, U. S. A. 4to, 
doth 3 50 

CLEVENGER. A Treatise on the Method of Govern- 
ment Surveying, as prescribed by the U. S. Congress 
and Commissioner of the General Land Office, with 
complete Mathematical, Astronomical and Practical 
Instructions for the Use of the United States Sur- 
veyors in the Field. By ?. R. Clevenger, Pocket 
Book Form, Morocco 2 50 

PICKERT AND METCALF. The Art of Graining. 
How Acquired and How Produced, with description 
of colors, and their application. By Charles Pickert 
and Abraham Metcalf. Beautifully illustrated with 

Stinted plates of the various woods used in interior 
ishing. Tinted paper, 4to, cloth 10 00 

HUNT. Designs for the Gateways of the Southern En- 
trances to the Central Park. By Richard M. Hunt. 
With a description of the designs. 4to. cloth 5 00 

LAZELLE. One Law in Nature. By Capt. H. M. 
Lazelle, U. S. A. A new Corpuscular Theory, com- 
prehending Unity of Force, Identity of Matter, and 
Its Multiple Atom Constitution, applied to the Physi- 
cal Affections or Modes of Energy. i2mo, doth. . • i 50 

CORFIELD. Water and Water Supply. By W. H 
Corfield, M. A. M, D., Professor of H>«iene and 
Public Health at University College, Lon(&n. i8mo. 



Corfield, M. A. M, D., Professor of Hygiene and 

Public r ■ " • • 

boards. 
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BOYNTON. History of West Point, its Military Im- « 

S>rtance during the American Revolution, and the 
rigin and History of the U- S. Militaiy Academy. 
By Bvt Major C. £. Boynton, A.M., Adjutant of the 
Military Academy. Second edition^ 416 pp. 8vo, 
printedon tinted paper, beautifully illustrated with 
36 maps and fine engravines, chiefly from photo- 
graphs taken on the spot by the author. Extra 
cloth $3 50 

WOOD. West Point Scrap Book, being a collection of 
Legends, Stories, Songs, etc, of the U S. Military 
Academy. By Lieut O. £. Wood, U. S. A. Illus- 
trated by 69 engraving and a copperplate map. 
Beautifully printed on tinted paper. Svo, cloth 5 00 

WEST rOINT LIFE. A Poem read before the Dia- 
lectic Society of the United States Military Academy. 
Illustrated with Pen-and-ink Sketches. By a Cadet 
To which is added the song, " Benny Hayens, oh I" 
oblong Svo, ax full page illustrations, doth. 2 50 

GUIDE TO WEST POINT and the U. S. MiUtary 
■Academy, with maps and engrayings, z8mo, blue 
cloth, flenble z 00 

HENRY. Military Record of Ciyilian Appointments in 
the United States Army By Guy V. Henry, Breyet 
Colonel and Captain First United States Artillery, 
Late Colonel and Hreyet Brigadier General, United 
States Volunteers VoL x now ready. VoL a in 
press. 8yo, per volume, cloth 5 00 

HAMERSLY. Records of Living Officers of the U. 
S. Navy and Marine Corps. Compiled from official 
sources. By Lewis B. Hamersly^ late Lieutenant 
U. S. Marine Corps. Revised edition, Svo, cloth... 5 00 

MOORE. Portrait Gallery of the War. Civil, Military 
and Naval. A Biographical record, edited by Frank 
Moore. 60 fine portraits on steel. Royal Svo, 
doth 6 00 
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PllESCOTT. Outlines of Proximate Organic Analysis, 
for the Identification, Separation, and Quantitative 
Determination of the more commonly occurring Or. 
ganic Compounds. By Albert B. Prescott, Professor 
of Chemistry, University of Michigan, i2mo, cloth... i 7^ 

PRESCOTT. Chemical Examination of Alcoholic Li- 
quors. A Manual of the Constituents of the Distilled 
Spirits and Fermented Liquors of Commerce, and 
their Qualitative and Quantitative Determinations. 
By Albert B. Prescott, i2mo, cloth i 50 

NAQUET. Le^ Chemistry. A Guide to the De- 
tection of Poisons, Falsification of Writings, Adul- 
teration of Alimentary and Pharmaceutical Substan- 
ces : Analysis of Ashes, and examination of Hair, 
Coins, Arms and Stains, as applied to Chemical Ju- 
risprudence, for the Use of Chemists, Physicians, 
Lawyers, Pnarmadsts and Experts Translated with 
additions, including a list of books and Memoirs on 



Texicology, etc irom the French of A. Naquet By 
J. P. Battershall, Ph. D. with a preface by C. F. 
Chandler, Ph. D., M. D„ L. L. D. zamo, cloth. 



McCULLOCH. Elementary Treatise on the Mechan- 
ical Theory^ of Heat, and its application to Air and 
Steam Engines. By R. S. McCulloch, 8vo, doth.... 3 50 

AXON. The Mechanics Friend; a Collection of Re- 
ceipts and Practical Suggestions Relating to Aqua- 
ria — Bronzing — Cements — Drawing — Dyes — Electri- 
city—Gilding—Glass Working — Glues— Horology— 
Lacqnera — Locomotives — Magnetism — Metal- Work- 
ing— Modelling— P hotography- Pyrotechy— Railways 
—Solders— Steam Engine— Telegraphy— Taxidermy 
— Varnishes — Water-Proofing and Miscellaneous 
Tools, — Instruments, Machines and Procesr-s con- 
nected with the Chemical and Mechanics Arts ; with 
mmerous diagrams and wood cuts. Edited by Wil- 
<am E. A. Axon. Fancy cloth 150 
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ERNST. Manual of Practical Military Engineerins, Pi« 
pared for the use of the Cadets of the u . S. Military 
Acadeiny^and for Engpneer Troops. By Gapt. O. H. 
Ernst, Corps of Engineers, Instructor in Practical 
Military Engineering, U. S- Military Academy. 19a 
wood cuts and 3 lithographed plates, zamo, cloth.. 5 00 

BUTLER. Projectiles and Rifled Cannon. A Critical 
Discussion of the Principal Systems of Rifling and 
Projectiles, with Practical Suggestions for their Im- 
provement as embraced in a Report to the Chief of 
Ordnance, U. S. A. By Capt. John S. Butler, Ord- 
nance Corps, U. S. A. 36 plates, 4to, cloth 7 50 

BLAKE. Re^rt upon the Precious Metals : Being Sta- 
tistical Notices of the principal Gold and Silver pro- 
ducing regions of the World, Represented at the 
Paris Universal Exposition. By >^illiam P. Blake, 
Commissioner from the State of California. 8vo, doth 3 00 

TONER. Dictionary of Elevations and Clunatic Regis- 
ter of the United States. Containing in addition to 
Elevations, the Latitude, Mean, Annual Temperature, 
and the total Annual Kain fall of many localities; with 
a brief introduction on the Orographic and Physical 
Peculiarities of North America. By J. M. Toner, 
M.D. 8vo, cloth 3 75 

MOWBRAY. Tri-Nitro Glycerine, as applied in the 
Hoosac Tunnel, and to Submarine Blasting, Torpe- 
does, Quarrying, etc. Being the result of six year's 
observation and practice during the manufacture of 
five hundred thousand pounds ofthis explosive Mica, 
Blasting Powder, Dynamites; with an account of the 
various Systems of Blasting by Electricity, Priming 
Compounds, Explosives, etc., etc By George M. 
Mowbray, Operative Chemist, with thirteen illustra- 
tions, tables and appendix. Third Edition. Re- 
written. Svo.doth 300 
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RiiBERTS (Joseph). Hand-Book of Artillery for the 
Service of the United States (Army and Militia), in- 
cluding the Manual and Mechanical Manoeuvres of 
Heavy Artillery. Tenth edition, revised and greatly 
enlarged. Pocket form, morocco clasp. 2 oo 

HAUPT (Herman). Military Bridges, including De- 
signs for Trestle and Truss Bridges for Military Rail- 
roads, adapted especially to the wants of the Service 
of the United States. Illustrated by 69 engravings. 
8vo, doth 6 so 

AVELING (S. T.) Carpentry and Jomery. A Usefiil 

Manual for the Many. Illustrated. lamo, doth. ... i 00 

GRIFFITH (J. W.) An Elementary Text-Book of the 

Microscope. With 12 Colored Plates, zamo, cloth. 3 00 

NAPIER (James). Manual of Electro-Metallurgy, in- 
cluding the Applications of the Art to Manu&cturing 
Purposes. Fifth edition. Illustrated. lamo, doth. 3 00 

DAVIDSON (E. A.) Practical Manual of House Paint- 
ing, Graining, Marbling, and Sign Writing. Illus- 
trated. lamOfdoth 300 

WILSON (Geo.) Inon;anic Chemistry. Revised and 
enlarged by H. G. Madan, M. A. Illustrated, zamo, 
doth z 75 

BURN (Robert Scott). Ornamental Drawing and Archi- 
tectural Design. 300 illustration& 8vo, cloth 100 

Architectural, Engineering, and Mechanical Draw- 
ing-Book. 300 illustrations. 8vo, cloth i 00 

Illustrated Drawing-Book, for the use Schools, 

Students, and Artisans. 300 Illustrated Drawings. 

8vo, doth I 00 
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RANKINE (W. J. MACQUORN). A Manual of Ap- 
plied Mechanic& Numerous illustrations. Crown 

8vo, cloth $5 CO 

" Cannot fail to be adopted as a Text-Book. . . . 
The whole of the information is so admirably arranged, 
that there is every facility for reference. — Mining Joar- 
naL 

A Manual of Civil Engineering. With numerous 

Tables and illustration& Crown 8vo, cloth 6 50 



- A Manual of Machinery and Millwork. With 



nearly 300 woodcuts. Crown 8vo, cloth 5 00 

** Professor Rankine's * Manual of Machinery and 
Millwork' fully maintains the high reputation which 
he enjoys as a scientific author; higher praise it is 
difficult to award to any book. It cannot fail to be a 
lantern to the feet of every Engineer,"— 'TAe Engineer. 

A manual of the Steam Engine and other Prime 

Movers. With Diagram, Tables, and illustrations. 
Crown 8vo, cloth S 00 

Useful Rules and Tables for Architects, Builders, 

Engineers, Surveyors, etc. Crown 8vo, cloth 350 

** Undoubtedly the most useful cpllection of engineer- 
ing data hitherto produced. "—Jbraningr Jowmal. 

"A necessity of the Engineer. . . . Will be use- 
ful to any teacher of Mathematics."— JfA«n<JBWw. 

A Mechanical Text-Book ; or introduction to the 

Study of Mechanics. By Professor Rankine and 

E. F. Bamber. C. E. Crown 8vo, doth 3 50 

" Likely to prove invaluable for furnishing a reliable 
outline of the subjects treated oV^ —Mining JiyumaU 
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3IS OF hl¥E. By 

^6. l^moi pp. 36, 



IL-^THE COHftBLATIOK OF TITAIj AND 
PHYSICAL FOECii;a By Ptef. Qeobg^ R BiBKM, 
M.D., of Yale College. -"^Ppp. P&DC^rCoverfe. Prke25o. 

m.^AS EEGABDh^ PRCiTOFLASM, in TFjation 
to Prof. Hdiley e Pbjslcal Butfift of Idfe, By J, 
Hutchison SrinLmn, F.Il.O.S. pp. 72. - Prii^p ii5 cents. 

IV.— OK THE BTPOTH'EBIS OF EVOLIT^-'ION, 
Pli^Mual and Meltiphg3imil. By Prof Edt' .i:"> D. 
Coj^iE, P2ma, 75 pp. Pap<>r Coieis. Fnc©^5ccata. 

V,^S.Jiri>TIF:0 ADDKESSFSr-l. f^n 7«- A/^ 

Haii ufid UusL B, On fi/te (^ciet^ii, 

mitmn. By Prof. Jdbx TyNHAjlL, Jf.ii-^. i^ixti j, 74 

pp, Piipt^ Gcvera* Pntaa 25 csnte. F' ex. Cloth- jiJ-e a 

HO. VT.— NATURAL SELECTION AS AT-UFD 
TO MAl^. Ey Alf-etco Rdbskjj, Wallaok. Ihis 
pmni^ - ^- ,TB {]} of tbd Develfipmetit of Hfiiiiji 
R'l" le Liw of Heleotion ; (2 } tbelimit* of h 4 

o ra 1 ,^ — . .. . : n .i appl ied to man , M pp. Prtop i; 

NO- TlL-t^PEOTKUM ANALYSIS. i:iT«e 1«^. 
tim»« hy Pitjfa. Ri»icoe. Huggins, and XxK\kyer. Fme^ 
ly t"lt(stri*t€d, 68 pp, PjipcrCoTem PrL-^ 25 rjeuta, 

XO. VIILyrHE SUN. A sl^etth n| the present* 
RT«te of sficatifio opinion sja regflrd/tliu b«jd> t 'with an 
acooriikijf the niList re*:^i4t dm'ovmffl imd ttietbinle of 
ob»€rv:iti.,-i. By Frol C, A. YouiNG* Ph.D , of Durt* 
muuth t'oll p^*\ 58 pp. pRper Coirettj, Pricr- £ j f^ent e. 

NO. Dl^^'tHE earth age eat MAGNiST. By 
A, H. Mayer, Ph.D., of Ste^euB In«titiife. A inoet 
prof^iindiy int«re**niig I'^dtiiVo on the Pub|ect of mag- 
netiam- 72 pp. Paper Oovet-s. Prre tjf) oentH. FIhx- 
iblfi Cloth, 50 eeiitsi, 

KO. X.^ltYSTEEIES OP THE VOICE AND 
lAR* By Prof. O. N. ROOI^, Ooltiinb^H d^llegp. New 
York. Olio of the most fntepe^^tbg let tur^B on sonnd 
ever d olive rod, OrJi,'ttird d)^GOTeri«»9» brilliimt ^xp«tri- 
mewU, BeautifTillyillus, K^ip Paper Covers i5 ota. 
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